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Abstract. The dough rheology is one of the most important aspect in bread making so it is very 
important to accurate evaluate the wheat potential for breadmaking by rheological test. The wheat 
must be milled for testing; the mill used influence the relevancy of wheat tests. The objective of this 
study is to evaluate the rheological properties of flour obtained by grinding ten samples of wheat in 
three of the most common laboratory mills (Perten 120, Quadromat Jr. and Chopin CD1). The 
rheological behaviours of the wheat flours obtained in laboratory were compared with those of flours 
obtained in industrial mill. The rheological measurements were performed using the Alveograph, 
Farinograph and Mixolab. Significant correlations were established between the rheological 
evaluations of industrial and laboratory flour. We may conclude that the wheat milling obtained with 
laboratory mill Perten 120 correlated well with industrial flour for most of the rheological 
measurements. The Pearson correlation coefficient varied between 0.42 and 0.93 for test ran on 
Alveograph and Farinograph and between 0.19 and 0.9 for Mixolab testing. 
 




Quality of raw materials is an essential requirement for achieving good quality 
finished products. Because wheat characteristics have an impact on the extraction of flour 
(Posner, 1988) and on the rheological quality of the flour obtained, millers are concerned with 
the quality of wheat and want to have it evaluated for quality potential before purchasing. To 
generate appropriate qualitative evaluation of wheat, the wheat sample must be milled on one 
of the many laboratory mills available. In the mill laboratory, grinding equipment can be very 
varied; from hammer mills, semiautomatic units, fully automatic units to experimental mills. 
There are many factors that influence industrial milling and, also, much more any otherthat 
influence laboratory grinding. As a result, standard procedures developed in one laboratory 
can be rarely directly applied in another laboratory, where objectives, wheat classes, and 
equipment may be different ( Bass E. J. 1988). 
Unlike the experimental milling, which provide information of the wheat’s milling 
quality, the laboratory mills produce a representative flour sample for analytical and 
rheological evaluation of the wheat sample (Elieser S. Posner and Arthur N. Hibbs 2005).  
Rheological characteristics are important for the milling and baking industry from 
the point of view of the prediction of the dough processing parameters and the end products 
quality (Jirsa et al., 2007). Among the cereal technologists, rheology is widely recognized as a 
valuable tool in quality assessment of flour. The different empirical methods are currently 
used to obtain data on rheological properties and baking properties of flour (Dobraszczyk & 
Morgenstern, 2003). Numerous instruments have been devised to obtain objective data on 
dough properties in order to predict its behavior in the bakery. (Bloksma A. H. and Bushuk 
W.).  
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In order to characterize and simulate the wheat flour’s performance during bread 
making  and anticipate the quality of the final product we selected three laboratory devices to 
perform the rheological tests. Farinograph was used for measuring the rheological changes 
that occur in the gluten visco-elastic network during mixing and Alveograph to analyze the 
rheological properties during biaxial stretching of a dough piece, because this deformation 
closely resembles practical conditions experienced by the cell walls around the expanding gas 
cells within the dough during proof and oven rise (Dobraszczyk & Morgenstern, 2003). To 
investigate the thermo-mechanical behavior of the dough we used Mixolab. The Mixolab 
technique allows the complete characterization of the flours in terms of proteins’ quality by 
determining their water absorption, stability, elasticity and weakening properties; starch 
behaviour during gelatinization and retrogradation and enzymatic activity of the proteases, 
amylases (Kahraman et al., 2008; Banu et al., 2010a; Banu et al.,2010b). 
 The aim of present study is to evaluate three laboratory mills in terms of mixing 
properties, biaxial stretching and thermo-mechanical behavior. For this purpose the 
rheological parameters of flours obtained by grinding ten different common wheats in 
laboratory mills (Perten 120, Quadromat Jr. and Chopin CD1) were compared with the 
parameters of industrial flour. 
 
MATERIALS AND METHODS 
 
 White flour was obtained from 10 samples of common wheat from 2011 crop. The 
wheat samples were milled in an industrial roller mill with a capacity of 120t/24h, to an 
extraction rate of 79%, white flour (0.55% ash content) and black flour (1.25% ash content). 
Chemical characteristics of wheat samples (Table 1.) indicated a wide variation in the quality 
characteristics. 
Tab. 1  
 Chemical characteristics of wheat samples  
 
Parameters 1 2 3 4 5 6 7 8 9 10 
Umidity, % 11,8 12 10,9 11,5 11,3 11,5 11,3 12 12 13,2 
Ash, % s.u. 1,6 1,6 1,24 1,57 1,55 1,58 1,71 1,59 1,38 1,47 
Wet gluten, % 21,7 21,9 28,4 23,2 20,1 24,1 18,9 24 25 21 
Gluten index,% 83,6 90,7 86,8 81 88,5 69,6 75 60,8 79,4 90,6 
Falling number, sec 370 218 476 370 149 394 297 390 414 272 
 
 The industrial roller mill consisted on five break rolls (B1-2, B3, B4g, B4f and B5f), 
eleven reduction rolls (C1a, C1b, C2-3, C4, ...,C10), one break reduced (Div), three gris machine, 
four bran finisher and one control sifter. The obtained wheat mill streams consisted of 4 break 
flours (B1-2, B3, B4 and B5), 14 reduction flour fraction (C1a-1, C1a-2, C1b, C2-3-1, C2-3-2, C4, 
C5-1, C5-2, C7-1, C7-2, C9-1, C9-2, C10-1, C10-2) 1 break reduced fraction (Div). For white 
flour (0.55% ash content) the mill streams were (B3, B5, Div, C1a-1, C1a-2, C1b, C2-3-1, C5-1, 
C10-1). The flours were sampled according to the standard SR EN ISO 24333:2010. The flour 
for laboratory tests was obtained by grinding dry wheat in three laboratory mills (Perten 120, 
Quadromat Jr. and Chopin CD1 test mill), according to the standard SR EN ISO 27971: 2009 
except the tempering. For laboratory mill Perten 120, the flour used for analyzes was the flour 
that passed through the sieve of 140 µm. The physical-chemical characteristics of the wheat 
and flours were evaluated as follows: the moisture content through the SR ISO 712:2010; the 
ash content through the SR ISO 2171:2007; the wet gluten content through the SR ISO 
21415-1:2007; the gluten index through the AACC Method 38-12 method (Sistem Glutomatic 
2200); the falling number through the SR ISO 3093:2007 (Falling Number, model 1305). 
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Rheological properties of wheat flour were determined with alveograph according SR ISO 
27971/2009, analyzed factors were: P – the maximum over pressure needed to blow the dough 
bubble, expreses dough resistance, L – the average abscisa at bubble rupture, expreses dough 
extensibility, P/L – alveograph ratio, W – the deformation energy, Ie – elasticity index. The 
rheological mixing characteristics were tested with Farinograph using ICC evaluation method 
according SR ISO 5530-1/2007. The wheat flours were also analyzed with Mixolab using 
standard Chopin+ protocol and studied parameters were:  
- C1 (Nm – maximum torque during mixing; 
- C2 (Nm) – measures the protein weakening based on the mechanical work and temperature; 
- C3 (Nm) – expresses the starch gelatinisation; 
- C4 (Nm) – indicates the stability of the starch gel formed; 
- C5 (Nm) – measures the starch retrogradation during the cooling stage; 
- α – represents the slope of the curve between the end of the period of 30°C and C2; gives 
indication about the rate of the proteins thermal weakening; 
- β – represents the slope of the curve between C2 and C3; gives indications about the 
gelatinisation rate; 
- γ – represents the slope of the curve between C3 and C4; gives indications about the rate of 
enzymatic hydrolysis. 
 
RESULTS AND DISCUSSION 
 
Chemical characteristics of industrial flours (Tab. 2), indicated a wide variation in 
quality in terms of gluten content and falling number. 
 
Tab. 2 
Some chemical characteristics of wheat flours 
 
Parameter Industrial Perten 120 Quadromat Jr. Chopin CD1 
  
Min Max Min Max Min Max Min Max 
Ash content, % 0,45 0,53 0,95 1,3 0,49 0,7 0,36 0,49 
Wet gluten, % 22 30,8 21,2 39,8 21,5 32 21,2 33 
Gluten index, % 90,3 98,4 54,5 88,2 66,9 90,6 89,5 97 
Falling number, sec 222 382 175 495 184 414 200 408 
 
 Farinograph is an empirical rheological device that measures and records the 
mechanical resistance of the dough during mixing and kneading. The rheological changes, 
which occur in gluten structure during mixing, greatly determine the final product quality 
(Dobraszczyk and Morgenstern, 2003). Farinograph test is a reflection of three basic 
processes: absorbtion of water, dough development and dough breakdown (Preston K.R. and 
Kilborn R.H.). At the beginning the farinograph curve is a reflection of the absorbtion of 
water by the flour components. The values for Farinograph parameters are presented in Tab. 
3. For the water absorption we obtained a high Pearson correlation coefficient for Quadromat 
Jr. 0.64 and for Chopin CD1, 0.72. The flour obtained with Perten 120 correlated very well 
with industrial flour, the Pearson correlation coefficient was 0.9. 
 Dough development reflects the time between the first addition of water and the time 
when the dough seems to have optimum elastic and viscous properties for the retention of gas. 
In this case the Pearson correlation coefficient was good for mill Perten 120, 0.68, and  good 





Farinograph parameters of wheat flours 
 
Farinograph Industrial Perten 120 Quadromat Jr. Chopin CD1 




52,3 58,7 53,1 66,2 0,9 55,7 64,1 0,64 51,5 59,8 0,72 
Development 
time, min 1,3 3,5 1,5 5,7 0,68 1,5 5 0,9 1,5 3,8 0,79 
Stability, 









22 111 43 90 0,72 26 85 0,42 21 94 0,55 
 
Dough stability is related with the period of time during which the dough is able to 
resist to the mechanical action of mixer kneading arms and to keep its optimum elastic and 
viscous properties for the gas retention. Stability is an indication of the flour’s tolerance to 
mixing and stronger flours tend to be more stable (Miralbés, 2004). Good correlations with 
industrial flour were obtained for laboratory mills used for this study. A better value for 
Pearson correlation coefficient, 0.75, we obtained for Chopin CD1 and for the other two 
laboratory mills the Pearson correlation coefficients were 0.67.  
After the dough’s stability period a decrease in dough consistency occurs. Decrease in 
consistency is due to the release of bound water that occur as a result of changes in fibrillar 
structure of the gluten proteins under mechanical shear stress and the action of enzymes 
(protease and α-amylase) on the dough components. Degree of softening parameter had the 
best Pearson correlation for Perten 120, 0.74. For Chopin CD1 the Pearson correlation 
coefficient was 0.59 and for Quadromat Jr. the Pearson correlation coefficient with industrial 
flour had a medium value of 0.43.  
The Farinograph quality number is an empirical quality score; it is based on the length 
expressed in mm, between the point of adding water and the curve point where the height of 
the center point of the curve decreased by 30 U.F. towards to the height of the center curve at 
development time. It depends on two characteristics: the development time and the rate at 
which the dough breaks down after the development time. A good correlation for Farinograph 
quality number we recorded for Perten 120, the Pearson correlation coefficient 0.72 had a 
better value compared to Chopin CD1, 0.55, and Quadromat Jr., 0.42. 
The Chopin Alveograph provides information by measuring the pressure required to 
blow a bubble in a sheeted piece of dough, this method simulate the sheeting, rounding and 
molding of the dough pieces during baking process. The parameters obtained by the 
alveographic curve and, also, the correlation of flours provided by laboratory mills with 
industrial flours  are presented in Tab. 4. 
Generally, overpressure (P), is considered an indicator of the dough’s tenacity being 
dependent on the viscosity of dough and a measure of the absorption capacity of the flours 
(Scott Blair and Potel 1937). The Pearson correlation coefficient had good value for all the 
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flours, for Quadromat Jr. and Chopin CD1 the Pearson coefficient was 0.81 and for Perten 
120 the correlation was much higher than for the other two mills, 0.85. 
Average Abscissa to Rupture (L), is the length of the curve and is used as a measure of 
dough extensibility, estimating its handling properties. The correlations of flours provided by 
laboratory mills with industrial flour for this parameter were lower than correlations obtained 
for overpressure. For Chopin CD1 it was obtained a medium correlation coefficient, 0.45, a 
better Pearson correlation coefficient, 0.58, was obtained for Perten 120 and an even better 
Pearson correlation coefficient, 0.75, we obtained for Quadromat Jr..   
 
Tab. 4 
Alveograph parameters of wheat flours 
 
Alveograph Industrial Perten 120 Quadromat Jr. Chopin CD1 
Parameter  Min Max Min Max  Pearson 
r 
Min Max Pearson 
r 
Min Max Pearson 
r 
P, mm 46 87 35 97 0,85 45 100 0,81 33 80 0,81 
L, mm 102 139 44 119 0,58 54 102 0,75 84 145 0,45 
W, 10-4 J 162 379 65 320 0,93 100 314 0,88 97 335 0,88 
P/L 0,37 0,68 0,38 1,17 0,65 0,52 1,37 0,71 0,28 0,8 0,49 
Ie, % 51,5 63,6 21,6 52,8 0,72 37 56 0,67 41,9 59,3 0,74 
 
The deformation energy (W) measures the deformation of the dough, being an 
expression of flour’s power it is a common indicator used in grain trade and prediction of 
flour processing behavior. A very good Pearson correlation was found for this parameter. The 
Pearson correlation, 0.88, was the same for Quadromat Jr. and for Chopin CD1 and indicated 
a very good correlation with industrial flour. For Perten 120 the correlation was almost 
perfect, the Pearson correlation coefficient, 0.93, indicated a very good correlation with 
industrial flour.  
 The configuration ratio (P/L) is the ratio of dough tenacity and dough extensibility. A 
medium Pearson correlation coefficient, 0.49, was found for Chopin CD1, the correlation with 
industrial flour being moderate. 
 The elasticity index represents the elastic resistance of the dough and indicates the 
pressure inside the bubble. Since the amount of air inside the bubble is constant for each test, 
this pressure is directly linked to the bubble volume.(Kitissou 1995). A good correlation was 
found for the Quadromat Jr., the Pearson correlation coefficient, 0.67, indicated a good 
correlation with industrial flour. For Perten 120 and for Chopin CD1 the Pearson correlation 
coefficient was 0.72 and 0.74, the flours provided by laboratory mills correlated very well 
with industrial flour. 
 The Mixolab allows the characterization of dough when submitted to a dual mixing 
and temperature constraints. Therefore, it was possible to record the mechanical changes due 
to mixing and heating simulating the mechanical work as well as the thermal conditions that 
might be expected during the baking process (Rosell et al., 2006a cited by Haros et al. 2006).
 The early stages of testing (characterized by C1 and C2) mainly represents the 
properties of the flour’s protein and the later stages (characterized by C3, C4 and C5) show 
the properties of the flour starch. The parameters obtained from the Mixolab curve and, also, 
the correlation of laboratory mills flours with industrial flours are presented in Tab. 5. The 
first part of Mixolab curve measures the characteristics of dough during mixing, as well as 
Farinograph does, and we have been discussed already. After the dough’s stability period the 
dough temperature increased, dough viscosity decreased and the intensity of this decrease is 
dependent on protein quality. The rise of the dough temperature led to the protein 
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denaturation involving the release of a large quantity of water and a decrease in torque until a 
minimum value C2.  
 
Tab. 5 
Mixolab parameters of wheat flours 
 
Industrial Perten 120 Quadromat Jr. Chopin CD1 Mixolab 
Parameter Min Max Min Max Pearson r Min Max Pearson r Min Max Pearson r 
C2, Nm 0.37 0,53 0,29 0,38 0,75 0,26 0,4 0,55 0,28 0,47 0,67 
C3, Nm 1,85 2,05 1,21 1,95 0,46 1,33 1,88 0,67 1,55 1,99 0,65 
C4, Nm 1,34 1,85 0,9 1,67 0,9 0,66 1,58 0,8 0,89 1,8 0,76 
C5, Nm 2,05 2,87 1,35 2,72 0,87 1,06 2,5 0,73 1,33 2,85 0,62 
C5-C4, Nm 0,71 1,08 0,45 1,13 0,7 0,4 0,96 0,56 0,44 1,3 0,22 
 
 Quadromat Jr. showed the lowest Pearson correlation coefficient, 0.55. Flour milled 
on Chopin CD1 showed a good Pearson correlation coefficient, 0.67, with industrial flour and 
for Perten 120 we recorded the highest Pearson correlation coefficient, 0.75, with industrial 
flour when protein weakening due to mechanical and thermal constraints was analysed. As the 
temperature increases, the role of the proteins goes to a secondary place, whereas the changes 
in the starch granules are the responsible of further torque variations (Haros et al. 2006). The 
dough heating and the water available from the thermally denaturated proteins that is 
absorbed by the starch granules causes the starch gelatinization. The maximum consistency of 
the dough had a high Pearson correlation coefficient, 0.67, for Quadromat Jr. and for Chopin 
CD1 the Pearson correlation coefficient was 0.65, which means high correlation for the dough 
viscosity during heating. For Perten 120 was recorded a medium value for Pearson correlation 
coefficient, 0.46, probably due to the lower amount of starch. 
 On the second plateau with constant temperature a reduction in viscosity is observed, 
derived from the physical breakdown of the starch granules, leading to a minimum value of 
the torque (C4). For Perten 120 we obtained a very high Pearson correlation coefficient, 0.9, 
also a good Pearson correlation coefficient,0.8, was found for Quadromat Jr. and for Chopin 
CD1 the Pearson correlation coefficient was 0.76. 
 During the final stage the decrease in the temperature causes an increase in the 
consistency of dough and the gelation process of the starch occurs. This stage is related to the 
retrogradation of starch molecules and the final torque C5 correspond to the end of the starch 
retrogradation period. For Chopin CD1 we obtained a high Pearson correlation coefficient r-
0.62. For Quadromat Jr. we recorded a higher Pearson correlation coefficient, 0.73, for the 
torque after cooling stage. After the baking process the cooling of the crumb occurs and for 
the final torque the Pearson correlation coefficient for Perten 120 was highest, 0.87. 
 For the difference C5-C4 the best Pearson correlation coefficient, 0.7, was registered 
for Perten 120 flours. A good correlation was also registered for Quadromat Jr. flours, 0.56 
and for Chopin CD1 flours the Pearson correlation coefficient was 0.22, that indicates a poor 




In case of the parameters that define dough mixing behaviour, flour milled on Perten 
120 mill had better correlation for water absorption, degree of softening and for FQN. Flour 
milled on Quadromat Jr. had better correlation for dough development time while flour milled 
on Chopin CD1 mill had better correlation for stability. 
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For the parameters recorded with Alveograf, we obtained for Perten 120 flour better 
correlation for dough’s tenacity (P) and deformation energy (W), Quadromat Jr. correlated 
better for dough extensibility (L) and configuration ratio (P/L), Chopin CD1 correlated better 
only for elasticity index (Ie). 
For the parameters obtained with Mixolab device better correlations were recorded for 
Perten 120 flour for all the parameters except for the maximum torque (C3, Nm) which had 
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